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Abstract
Boucharq and Corson (1976) found that subjects required to lower

hear~

rate to avoid the loss of money

used the strategy of attending to meaningless stimulation
twice as often as subjects required to lower heart rates
to obtain money, and that subjects decreasing heart rate
to avoid the loss of money performed significantly better
than subjects . required to lower heart rate to obtain money.
Seven male and seven female undergraduates participated in a study designed to test the hypothesis that
visual focusing on meaningless stimulation and biofeedback
would produce larger heart rate decreases than biofeedback
alone.

Each subject attended three baseline sessions fol-

lowed by six treatment sessions in which subjects experienced either biofeedback and the meaningless stimulus, or
biofeedback alone.

The principal dependent measure was

heart rate, although frontalis EMG, and EEG Alpha/Theta
production were recorded for correlation with heart rate.
The results showed that the biofeedback and meaningless ptimulus group showed significantly higher heart
rates on four of the six treatment sessions when compared
to the biofeedback alone group, although neither group
evidenced a learning curve.
Correlations between heart rate and EMG, and heart
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rate and EEG frequencies were nonsignificant for all sessions.
The findings of this study do not support Bouchard
and Corson's (1976) hypothesis that subjects who learned
to reduce heart rate did so by focusing attention on
meaningless stimulation.
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Cardiac Slowing as a Function of Biofeedback and
Sensory Deprivation or Biofeedha=k Alone

The human heart is an elaborate pump whose main
purpose is to circulate oxygenated blood to the tissues of
the body.

Consisting of four chambers, the heart is in

reality two pumps in series with a pulmonary circulatory
system interposed to oxygenate the blood.
According to Forsyth (1974}, the heart must be
viewed as part of a complex vascular network.

The rate of

contraction of the heart (heart rate}, the force of contraction, and the amount of blood pumped per contraction
are controlled by several intricate feedback loops that
regulate blood pressure to assure homeostatis.

&nong these

controlling factors are nervous and humoral influences, and
peripheral vascular resistance to blood flow.

Each of

these factors is considered in detail in Appendix lo
Several investigators have explored the effects of
different feedback signals on the voluntary control of
heart rate (Land & Twentyman, 1974; Manuck, Levenson, Hinrichsen, & Gryll, 1975; Young & Blanchard, 1974}.

In

these studies, information about cardiac activity is detected by specially designed amplifiers and synthesized
into a set of easily discriminable visual or auditory displays.

Exteroceptive stimuli such as lights, oscilloscope

I .

••
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traces, and tones have been presented in either an analog
or binary format (Lang & Twentyman, 1974). The analog presentation provides continuous information about minute
changes in cardiac rate, and/or amplitude of the component
waveforms in an electrocardiographic (EKG) trace.

In con-

trast, binary feedback provides information to the subject
only when a criterion response has been achieved.
The experiments conducted by Lang and Twentyman
(1974), Manuck et. al.

(1975), and Young and Blanchard

{1974) have demonstrated that feedback presented in an
analog format tends to produce larger heart rate increases
•
than binary feedback.

Meah heart rate decreases for all of

the aforementioned studies were generally quite small, and
while statistically significant, only averaged about two
beats per minute.

There were no large magnitude decreases

for either the binary or analog feedback conditions.
Other investigations into the reduction of heart rae
{Blanchard & Young, 1972) found no significant differences
between analog visual and analog auditory feedback signals
in effecting reductions of two to three beats per minute in
heart rate.

Blanchard and Young concluded that the type of

feedback (auditory vso visual) involved in heart rate slowing was not important and that feedback alone was significantly better for slowing heart rate than no feedback.
Finley (1971) observed similar results when he
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tested the hypothesis that contingent visual analog feedback would enable subjects to lower their heart rate while
noncontingent feedback would not facilitate heart rate slowing.

Finley interpreted his results as demonstrating that

small reductions in heart rate were due to subjects receiving contingent feedback, however, no learning curve showing progressive improvement in heart rate control was observed for his subjects.

In addition, Finley noted that

skin conductance tended to decrease when subjects were
given contingent feedback for slowing.

These results sug-

gest that a general reduction in heart rate was due to a
reduction in arousal level and that decreases in heart rate
were not being operantly conditioned.
The results of heart rate biofeedback studies are
perplexing.

The research suggests that heart rate increases

are easier to produce than heart rate decreases, and that
any form of feedback is better than no feedback for lowering heart rate two to three beats per minute.

Because of

the apparent difficulty obtaining decreases in heart rate
of more than a few beats pet ruinute, some investigators
have speculated that the mechanisms for heart rate speeding
and slowing may be different and that different motivational
variables may be at work (Young & Blanchard, 1974).
When feedback is viewed as motivation, all of the
aforementioned studies on the role of feedback in heart
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rate control have utilized the feedback stimulus as either
a neutral stimulus or as an indicator of positive secondary
;

•

reinforcement.

Lang and

Twen~yman

(1974) flashed the word

"good'' on a cathode ray tube whenever subjects lowered
their heart rates, but found no differences between the
experimental groups for slowing.

Young and Blanchard (1974)

provided different groups with feedback of varying information content but no motivational stimulus was used.

The

different information content variable did not yield significant differences between the experimental groups for slow'

ing trials.

Experimental groups were not significantly

different from a no feedback control group in the heart rate
slowing tasks.

Similarly, an earlier study by Blanchard

and Young ·(1972) used no
tha~

m~tivational

stimulus, but noted

heart rate slowing trials yielded equivalent heart rate

measures for bot.h feedback and control groups.

Finley (1971)

described similar results when he attempted to test the
hypothesis that feedback alone would produce larger heart
rate decreases than a no treatment control.

The feedback

had a neutral motivational value in this study and the groups
were not significantly different in their ability to lower
heart rate.

Manuck et. al.

(1975) presented feedback of

different types to four groups but did not us~ the feedback
to represent a secondary reinforcer.

Again, no significant

differences were found between the four groups' ability to
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lower heart rate, and the authors suggested that motivational variables be investigated to determine their effect on
heart rate control in a biofeedback paradigm.
Little research has been conducted on the relative
efficacy of punishment versus positive reinforcement in the
reduction of heart rate.

An early study by Brener (1966)

tested the effects of an electric shock avoidance contingency on heart rate, with reductions in heart rate postponing the onset of the shock stimulus;

Subjects in this

contingency succeeded in lowering their heart rates by as
much as six beat s per minute (bpm), while subjects taught
to increase heart rate to avoid shock showed less reliable
increases in heart rate.
Brener's results with aversive stimulation have
been replicated and extended by Bouchard and Corson (1976).
Utilizing four experimental groups receiving binary feedback, Bouchard and Corson manipulated feedback by the addition of money ("positive feedback") or the removal of money
"negative feedback").

Money, represented as points on a

counter, was either added to or subtracted from respectively
by incrementing or decrementing the counters by a set number of points.

The negative feedback condition here is

being logically construed to be an aversive stimulus like
Brener's shock.
Bouchard and Corson's experimental design required

..... '

.
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one negative and one positive feedback group to raise heart

..

rate, while one positive feedback and one negative feedback
group were required to lower heart rateo

The authors found

that the largest heart rate increases were produced by the
group required to raise heart rate for positive feedback
(+4.6 bpm), which is in keeping with Lang and Twentyman's
(1974) findings.

The group required to raise heart rate

to avoid negative feedback produced a mean change of only
+.02 bpm, which is similar to Brener's (1966) findings.
The group required to slow heart rate for positive
feedback succeeded in reducing heart rate by a mean of 3.5
bpm, which is similar to the

firtd~pg~ . ?f

Blanchard and

Young (1972}, Lang and Twentyman · (1974), Manuck eto al.
(1975), and Young and Blanchard (1.974L
was the finding that the group

requi~ed

More interesting
to lower their heart

rate to avoid negative feedback succeeded in reducing heart
rate by a mean of 6.6 bpmo

This result is in keeping with

Brener's (1966) findings that heart rate decreases of 6 bpm
were possible for subjects slowing heart rate to avoid the
onset of the aversive stimulus.
Bouchard and Corson interpreted their results as
suggesting that feedback signals whi.ch represent success
(positive feedback} have a different biological impact on an
organism than feedback signals which represent failure
(negative feedback) or are aversive.

Furthermore, the
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authors suggested that the type of feedback signal used may
..:
;::

actively interfere with heart rate change in one direction
but enhance the change in the opposite direction.

In addi-

tion, the investigators administered questionnaires to
their subjeGts to determine the strategies utilized by the
four groups.

The data obtained indicated that subjects

receiving negative feedback had identified and used a common visual strategy of ."looking around the room in a vague
way'' (Bouchard & Corson, 1976, p. 72) twice as often as
subjects receiving positive feedback when trying to change
heart rate.

Bouchard and Corson suggested that perhaps

this act of looking around in a vague way could serve to
shift the subject's attention away from meaningful activating stimuli.

This S:rategy may then reduce the subject's

ability to raise heart rate . but increase the subject's
chances of lowering their heart rates.

Bouchard and Cor-

son's data suggest that a theoretical relationship may
exist between the type of strategy used by subjects lowering their heart rates and the motivational nature of the
feedback stimulus.
Bouchard and Corson (1976) did not control their
subjects' strategy of attending to nonmeaningful, monotonous stimuli, and the potential interaction of strategy
with the negative feedback contingency requires further
investigation.

The finding of a relationship between nega-
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tive feedback and the type of strategy used by subjects to
lower heart rate efficiently could help produce a better
understanding of the psychological mechanisms involved in
heart rate slowing.

This knowledge could help extend the
theoretical notion of the importance of feedback, to include
the interaction of motivational factors and behavioral strategies in the control of heart rate.
Practical benefits from research into the control
of heart rate have been indicated in the research of Weiss
and Engel (1971).

These investigators demonstrated that

patients with heart conduction difficulties could learn to
regulate the frequency of premature ventricular contractions
(a condition which Weiss and Engel (1971) found can increase
the probability of sudden death) after learning to speed and
slow the

heart~

Similarly, Engel (1973) has noted that patients
'

with cardiac arrhythmias experienced lessened anxiety over
potential heart

at~acks

and slow the heart
- ~.

as a function of learning to speed

rate~

Wickramasekera (1974) demonstrated that a highly

stressed client's anxiety of having a heart attack was decreased

a~ter

.the client was exposed to a multifaceted treat-

ment package of which heart rate biofeedback was a major component.

The client's increased ability to slow heart rate

was thought to play a major role in the reduction of his

•
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cardiac anxiety.
A more recent study by Gatchel and Proctor (1976)
has demonstrated that training speech anxious subjects to
reduce heart rate results in significant reductions in
anxiety as measured by self report, physiological measures,
and overt behaviors.

The authors concluded that heart

rate reductions would be an effective method for reducing
·. -··

anxiety.
Bouchard and Corson's (1976) study may suggest new
possibilities for teaching heart rate slowing and increasing control of heart function.

~ben

more is known about

the effects of the specific
variables involved, treatments
- .....
_,

can be made more efficient.
The purpose o£ the present

stu~y

is to investigate

the effects of negative feedback and meaningless, monotonous visual stimulation on heart rate compared to the
effects of a negative feedback stimulus alone.

·

L

Meaning-

less and monotonous stimulation was defined as a sensory
deprivation procedure restricting patterned vision via
light diffusing goggles and reducing cutaneous stimulation
by heavy gloves and cardboard tubes covering the forearms.
Negative feedback was defined as the presence of white
noise,· contingent on subjects' failure to slow heart rate
below a set criterion.

For each 10 seconds of white noise,

subjects lost on cerit.
Specifically, the hypothesis was that forced viewing

12
of meaningless stimuli and negative feedback would produce
significant heart rate decreases when compared with a negative feedback stimulus alone.

Results of this study would

then be used to support or refute the hypothesis that motivational variables (e. g. loss of money) may interact with
perceptual strategies to effect heart rate decreases.
A second purpose of this study was to determine if
there was a relationship between physiological indices of
central nervous arousal and heart rate decreases.

If a

reduction in heart rate was part of an overall decrease in
central nervous system (CNS) arousal, then it should be
possible to relate the different CNS measures of EMG, and
EEG Alpha and Theta brainwave production to heart rate.
Such a finding would enable the production of a particular
CNS measure or measures to be used as a predictdr of heart
rate in future research.
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Method

Subjects
Subjects were eight male and eight female undergraduate volunteers.
years old.

Subjects ranged in age from 18 to 23

One male and one female subject were deleted

from the study during· baseline phases due to psychological
and physiological problems which will be outlined in the
procedure section.

Thus the total number of subjects who

actually finished the study was 14.
All subjects were informed of the study via leaflets posted in the university center.

A copy of the leaf-

let, and a copy of the informed consent agreement signed
by each subject appear in Appendix B.

Apparatus
Heart rate (dependent variable Yl) was recorded
from Coulbourn Instruments (CI) silver/silver chloride
electrodes placed in a Lead 1 configuration (e. g. one
active electrode on each arm and a ground electrode on
the subject's left leg).

Beckman electrode past was used

as the conductant and the electrodes were held in place
by adhesive collars.
The EKG signals were amplified by a CI ECG module
(model S75-72) and the subject's R wave triggered a CI
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Bipolar Comparator (model S21-06).

The pulse from the

comparator started a CI One Shot Timer (reodel S52-50)

=

which was set for the subject's average QRST complex duration.

This configuration prevented multiple triggering of

the logic circuitry by the varying amplitude of the subject•s T wave.

The number of beats per minute was obtained

bi entering the square wave output of the One Shot Timer
into one leg of a CI Dual And Gate (model 531-12).

A CI

Universal Timer (S53-21) gated digitized signals through
the And Gate at 60 second intervals.

Heart rate and all

other physiological dependent measures were recorded by a
BRS Foringer printout counter (model POC-012).
Frontalis EMG (dependent variable Y2) was recorded
from three Grass Instruments gold electrodes (model ESgh).
Two active electrodes were placed 2.54 em above the center
of each eyebrow and . spaced 10.16 em apart on the subject's
forehead.

The ground electrode was located in the center

of the subject's forehead.

This procedure is further out-

lined in Budzynski, Stoyva, Adler, and Mullaney (1973)
and all electrodes were adhered to the scalp with
The conductant was 3M electrode gel.

collodion~

EMG signals were

amplified by a CI Bioamplifier/Coupler (model 576-21) and
quantified into microvolt/seconds by a CI Cumulating ReSetting Integrator (model S76-21).

Equipment difficulties

after the second baseline period necessitated the placement
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of a Grass Instruments preamplifier (model P-lSB) in line
with the CI Bioarnplifier.

=

The addition of the prearnpli-

fier, placed next to the subject, boosted EMG signals
and hence lessened the probability that the Bioarnplifier
would electrically saturate (a condition producing total
signal loss at the output of the device).
EEG

Alpha-Thet~

(dependent variable Y3 & Y4) was

detected by three Grass Instruments gold electrodes (model
ESgh) placed occipital to central at locations 02 and C4
in accordance with the International 10-20 system and a
reference electrode was attached to the forehead.

Again,

all electrodes were held in place by collodion, and 3M
electrode _paste was the

conductant~

EEG activity was amplified by a CI EEG module
(model S75-13).

Alpha and Theta frequencies were detected

by a CI Alpha Detector filter (model S75-15) and a CI
Theta Detector filter (model S75-16).

The skirts for .these

analog filters rolled off at an average of 12 db/octave.
The detector output of the filters was used to gate a 5 Hz
signal from a CI Precision Time Base (model SSl-10)

corn~

bined with a CI Flip Flop (model S41-02) through a CI And
Gate so as to record EEG time in band simultaneously with
heart rate and EMG activity on the printout counter.
An ongoing EKG record was taken during the study

by a Narco Physiograph Mk III in order to detect and con-
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trol for artifact.
The forced viewing of meaningless and monotonous
stimulation for the experimental group was accomplished
by translucent goggles made from halved ping pong

balls~

Tactile stimulation was restricted through the use of
heavy cotton gloves over the hands and cardboard tubes
which fit closely over . the forearms and hands.
st~mulation

Auditory

was presented to both groups through a pair of

stereo headphones.
Feedback stimuli were provided by a CI Universal
Timer (model S53-21), a Precision Time Base (model SSl-10),
and a CI Predetermining Counter (model S43-30) which gated
white noise through a CI Audio Mixer Amplifier (model 58224).
All subjects were seated upright in a Niagara reclining chair (model 747) for the duration of the experiment.
Block diagrams for the apparatus are presented in
Appendix B.

Procedure
All subjects were asked if they were in good health
and if they had any abnormal heart condition.

In addition,

all subjects were required to sign an informed consent
agreement to advise them that all instruments used in the
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study were electrically isolated to prevent shock and required the listing of all close relatives with cardiovascular disorders • . Subjects were also required to list any
medications they were taking.

Each subject had a clinical

lead 1 EKG taken for 1 minute and all EKG's were examined
for rhythm abnormalities by measuring them against a standard Lansing EKG rule.

Subjects with abnormally short or

long P-R, QRS, or Q-T intervals as measured by this rule
were dropped from the study.

No subjects failed to meet

the passing criteria established by the EKG rule, however
one female with feelings of severe claustrophobia in the
experimental cubicle was deleted, and one male subject
with poor skin conductivity characteristics was deleted.
Experimental design. The experimental design was a
2 x 9 split plot factorial (Kirk, 1968, p. 245} with biofeedback alone vs. biofeedback and sensory deprivation as
the two levels of between subjects independent variable A.
Seven male and seven female subjects were assigned
to each level of variable A in the following manner.

The

seven male and seven female subjects were rank ordered on
heart rate for the third of three baseline phases (Ba, Bb,
and Be respectively}.

The two male and two female subjects

with the highest mean heart rates were formed into bne
block.

This procedure was then repeated until there were

three and one half blocks.

One male subject in each block
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was randomly assigned to one of two levels of variable A
by flipping a coin.

The remaining male subject was then

assigned to the remaining level of A.
then repeated for the female subjectso

This procedure was
The procedure was

slightly modified for the fourth block in which one subject was randomly assigned to one level of variable A and
the remaining subject was assigned to the remaining level
of variable A.

The total effect of this blocking procedure

was to limit the effects of individual differences in
heart rate on the data.
The within subjects variable B was the repeated
measures element consisting of nine levels: three baseline
and six training sessions.

,

;/Biofeedback alone was defined as the presentation
of a white noise representing the loss of money contingent
on subjects' failure to lower heart rate beyond the predetermined level (mean heart rate at session baseline).
Reductions beyond the predetermined level replace white
noise with silence, indicating that the criterion for an
avoidance response was met.
Biofeedback and sensory deprivation consisted of
all of the elements of the biofeedback alone condition,
and, in addition, included the restriction of the subjects'
visual input to viewing unpatterned white lighto

Cutaneous

sensibilities were restricted by heavy cotton glov~s and
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cardboard tubes placed on the forearms e
The nine levels of repeated measures variable originally represented one baseline session and eight training sessions.

Intermittent problems with the EMG ampli-

fier necessitated the addition of a second baseline.

When

the problem recurred during the second baseline it was
decided to remedy the difficulty with an additional amplifier and baseline session.

Therefore, the design was

modified to include three baselines and six training sessions, instead of one baseline and eight training sessions
as was originally proposed.
Each of the sessions was 20 minutes long and consisted of 10 minutes of baseline followed by 10 minutes of
training.

Heart rate measures for each session were ex-

pressed as average change scores from the mean of the
third of three 20 minute baseline sessions (Be).

The data

from the first two baselines (Ba & Bb) reflected the difficulties encountered with the EMG amplifier, and these
sessions were used only for the purpose of allowing the
subjects to habituate to the experimental setting.

Mean

baseline heart rate values for Be were derived from the 10
minutes of recorded data representing the second and third
5 minute periods of a 20 minute baseline sessione

This

strategy was adopted to permit physiological measures to
reach baseline values, and to lessen the artifact which
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accompanies subjects• anticipating the end of the session.
Baseline (Ba, Bb, & Be) and subsequent 20 minute
training sessions (Bl-6) were also split into a 10 minute
baseline phase and a 10 minute treatment phase.

Six

minutes of heart rate data was recorded from the 10 minute
baseline and treatment phases using a modified form of the
strategy applied to collecting data in the single 10
minute baseline Be.

In short, 12 minutes of data repre-

senting 6 minutes of ·session baseline Rl

(representi~g

recording phase one) and 6 minutes of treatment R2 were
recorded for each of the sessions.

The first 2 minutes and

the last 2 minutes of baseline were eliminated to control
for subject generated artifact, and the first 2 minutes
and the last 2 minutes of treatment were eliminated for
the same reason.
Other physiological data (dependent variables Y2-4)
were recorded for the R2 periods of each session for later
correlation with heart rate measures.
Heart rate shaping sessions (Bl-6).

Once baseline

values for each session had been derived from Rl, the mean
interbeat interval was determined and this was the criterion for an avoidance response for the first 5 minutes
of training.

At the end of the first 5 minutes of train-·

subjects had their threshol.d criterion adjusted to the
mean interbeat interval , obtained for the first 5 minutes
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of training.

This value then served as the threshold

criterion for the second 5 minutes of training.

For ex-

ample, subjects decreasing heart rate by a mean of one
beat per minute over the first 5 minutes of training had
their threshold criterion made more difficult by one beat
per minute for the next 5 minutes of training.

Consequent-

ly, each subject's mean heart rate for the first 5 minutes
of training determined the criterion for an avoidance
response in the second 5 minute period of training, providing the heart rate fell or remained the same.

The

cri~

terion for avoiding the onset of white noise in subsequent
5 minute training intervals was always adjusted to be as
difficult, or more difficult than the preceeding 5 minute
interval.

The criterion was at no time made easier for

the subjects.

This scheme for adjusting the heart rate

threshold remained in effect for all training sessions.
Instructions and procedures.

Baseline sessions Ba,

Bb, and Be were conducted in the following manner.

Upon

arriving at the laboiatory, all S's were given tbe following set of instructions.
You have volunteered for a biofeedback study
designed to test the effects of differing
levels of sensory input on heart rate learn~
ing and- control.
In order to establish the
necessary preliminary measures for this study,
you will be required to sit for three 20
.
minute sessions in a relaxing chair while I
monitor your heart rate, muscle tension, and
brainwaves.
(The experimenter then showed the
subject the sensors and explained where they
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were placed.) The sensors you see in my hand
will be placed on your forehead and back of
your head, and this large set (EKG electrodes)
will be placed on either arm and one on your
left knee. The small set of sensors will record the muscle activity and the brainwaves
while the large set will record heart rate.
This pair of headphones will provide you with
a white noise mask (E demonstrated the sound)
which will remain on for the duration of this
and the next baseline sessions. Please refrain from any unnecessary movement so that we
can get accurate baseline data before beginning the study. If you begin to fall asleep
during this or · any other part of the study, a
high tone will come on to wake you up (E
demonstrated the 1000Hz tone). Do youmve
any questions?
The experimenter then answered any of the subject's
questions and affixed the electrodes to the subject.

The

subject was then led into a temperature controlled (72 +
3° F), sound deadened cubicle, and seated upright in the
recliner.

The lo~dness of the white noise was at a com-

fortable level for the listener.

The experimenter then

left the roomq
The second and third 20 minute baseline period were
exactly the same as the first, and the experimenter said
to the subject: "This session will be exactly the same as
the last.

Do you have any questions?"

The experimenter

then answered any questions the subject asked, and the
baseline procedures for Bb or Be commenced.
The mean heart rate obtained for the second and
third 5 minute periods of Be determined which subjects were
blocked together for the experiment.

Three blocks of 4

subjects each and one block of 2 subjects each were formed
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in accordance with the procedure already mentioned.
Members of each matched block of subjects were then
randomly assigned to the experimental (biofeedback and
sensory deprivation) or control condition (biofeedback
alone) by a procedure already outlinedo
Upon arriving at the laboratory for heart rate
shaping sessions Bl-6, - each experimental group subject was
given the following set of instructions.
, This is a study designed to test the effects
of different levels of sensory input on heart
rate learning and control. We have reason
to suspect that by reducing the number of
distracting influences in your environment
you can more rapidly learn control of heart
rate.
In your case, all external sensory
information reaching you will be controlled,
and the only stimulus change you will re- _
c~ive will be the switching on and off of the
white tioise and the low tone (E demonstrated
the 400 Hz tone) telling you when the learning trials have begun. You may also hear the
high tone which will serve to wake you up if
you begin to fall asleep. The white noise
will remain on during the first 10 minutes of
the session while I make adjustments to the
equipment and take readings. At the end of
the first 10 minutes the low tone will come
on and signal the beginning of training.
Your task will be to determine what makes
the white noise go off, using whatever technique works for you. Tht total possible pay
for this session is two dollars, but for each
accumulated 10 seconds the white noise is on
during training, you will lose 1 cent. So
try to keep the white noise off as long as
possible. My only request is that you not
move about at any time during the session
because the equipment is very sensitive to
anything you do and is easily upset by movement.
The experimenter then placed the electrodes on the
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subject and led him/her into the experimental cubicle and
seated him/her upright iti the recliner.

The experimenter

then fitted the heavy gloves and cardboard tubes on the
subject.

Finally, the experimenter attached the translu-

cent goggles to the subject, and placed the headphones
over the subject's ears.

All electrode harnesses were

then fitted to the subject.
Upon arriving at the laboratory, subjects in the
control group were given the following set of instructions.
This is a study designed to test the effects
of different levels .of sensory input on heart
rate learning and control. We have reason to
suspect that by cutting down on the number of
distracting influences in your environment
you can more rapidly learn to control your
heart rate.
In you case, extraneous variables that ordinarily interfere with heart
rate learning have been carefully controlled
and the only stimulus change you will hear
is the switching on and off of the white
noise, and the low tone (E demonstrated the
400 Hz tone) telling you when .training has
begun. You may also hear the high tone
which will serve to wake you up i f you begin to fall asleep. The white noise will
remain on during the first 10 minutes of
the session while I make adjustments to the
equipment and take readings. At the end of
the first 10 minutes the low tone will come
on and will signal the beginning .of training. Y6ur task will be to determine ~hat
makes the white noise go off, using any
technique that works for you. The total
possible pay for this session is two dollars~
but for each accumulated 10 seconds the
white noise is on during training you will
lose 1 cent. So try to keep the white noise
off as long as possible. My only request is
that you not move about at any time during
the ~e~sion becaus~ the equipment is very
sens1t1ve to anyt~1ng you do and is easily
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upset by movement.
The experimenter then placed the sensors on the
subject and lead the subject into the experimental cubicle
and seated him/her upright in the recliner.

The earphones

were then placed over the subject's ears, and all electrode harnesses were then fitted to the subject.
The experimenter adjusted the white noise to a
level deemed comfortable by each subject in the experimen tal and control groups.
goi~g

The experimenter then said,"I'rn

into the next room now to make some adjustments to

the apparatus and take some baseline measures.

Relax

and remain as still as you can."
Upon leaving the experimental cubicle, the experimenter limited entry to the

r6o~

and displayed proper

notification that m experiment was in progress.

During

this period the apparatus was recording the subject's
heart rate (Yl}, frontalis EMG (Y2) in microvolt seconds,
and EEG Alpha/Theta (Y3-Y4) frequencies measured as subject time in bando
The baseline value for heart =ate in the learning
sessions was derived from the mean of the second, third
and fourth two ~iriute segments (Rl) for that 10 minute
baseline phase, as described earlier.

This value, expres-

sed as the mean interbeat interval (the inverse of heart
rate), was used to set the criteria which subjects had to
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meet to avoid the white noise stimulus during the first
five minutes of training .

The criteria were adjusted for

subsequent 5 minute intervals of training by a method previously

described~

At the end of the 10 minute baseline phase, the
experimenter sounded the 400 Hz tone and the training began.
All subjects were informed of the different experimental conditions and the results of the study.
Thirteen of the 14 subjects who took part ·in this
study completed all nine sessions (three baseline, and
six training sessions}.

One experimental group subject

did not complete the final training session (B6}, and
this subject's scores for this session was· estimated by
a procedure described in Kirk (1968, p. 281}.
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Results

Heart rate data (Yl).

Heart rate data, in bpm,

were collected ana analyzed in two formats.

The first for-

mat was that detailed in the procedure section and entailed
the expression of each subject's mean heart rate during R2
as a deviation score from his Be value.

The obtained data

are presented in Figure 1, and raw heart rate measures for
both groups during R2 are presented in Figure 2.

·

An ANOVA for a split plot factorial SPF 2.9

(Kirk,

1968, p. 248) was performed on the heart rate data, with
treatments as the between subjects variable and sessions as
the within subjects variable.

The estimated means square

for this analysis appear in Appendix D.

The results of the

ANOVA are summarized in Table 1 and show a nonsignificant
main effect for biofeedback and sensory deprivation vs.
biofeedback alone (treatments).

There was a nonsignificant

sessions effect indicating that there was no significant
change in heart rate for either group as a result of practice effects.
There was a significant treatment by sessions interaction, F (8, 96)

=

4.69, ~ < ~01~

This indicated that

there existed a significant difference between biofeedback
and sensory deprivation and the control treatment of biofeedback alone at one or more of the

sessions~
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Table 1
ANOVA for heart rate deviation

scores from Be

Source

ss

df

MS

F

A (treatment)

1350.97

1

1350.97

Subj. w. grps.

5820.78

12

485.07

161.62

8

2Qe2

1.87 #

405.18

8

50.65

4.69

B x subj. w. grps. 1037.21

96

B (sessions)

2. 79 #

AB

{trt. x sessions)

' 10.8

# = E. ;;;..

* = E.

<

9OS ns.

*
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Further analysis of simple main effects indicated
that there was a significant difference between the two
levels of biofeedback treatment at session Bl, F (1, 108)

=

4.65, E

< .05, session B3, F (1, 108)

session B4, F (1, 108)
F (1, 108)

=

5.4, E

=

4.91,

< .05.

nonsignificant differences.

£ <

=

5.55, E

< .05,

.05, and - session B5,

Sessions B2 and B6 yielded
All differences were found to

be in the opposite direction of that predicted, i. e. the
control group produced lower heart rates than the experimental (biofeedback and sensory restriction} groups.
An a posteriori trend analysis revealed that the
linear trend for biofeedback and sensory deprivation group
had a significantly different slope from the biofeedback
alone group, F (1, 12)

=

9.24, E

< .05.

Additionally,

the linear trends for the two groups accounted for 61% of
the variation in heart rate scores recorded across sessions.
The second method utilized for analyzing heart
rate measures was the use of within session change scores.
A subject's heart rate on Rl was subtracted from his heart
rate in R2 for each session.

These data are presented in

Figure 3.
A second ANOVA for a SPF 2.9 was run on the within
'

session change score data and the ANOVA source table for
these data is presented in Table 2. The main effect of
biofeedback and sensory deprivation and biofeedback groups
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Table 2
ANOVA for heart rate deviation
scores within a session (R2 - Rl)

Source

A (treatment)
Subj. w. grps.
B (sessions)

ss

MS

df

F

.42 #

14.47

1

14.47

415.36

12

34.61

33.29

8

4.16

.47 #

174.94

8

21.87

2.46 @

96

8.9

AB
(trt. x sessions)

B x subj. w. grps. 854.30 .

#

=E

>

.05

@

= E <

• 05

34

was nonsignificant, indicating that neither group was at

.

an advantage in lowering heart rate across sessions .

The

ii

main effect of sessions was nonsignificant, indicating no
reliable changes in heart

rat~

from Rl to R2 as a function

of repeated treatment sessions. ' The interaction of treat ~ /
ment by sessions was significant again , F (8, 96)
E

=

/

2.46,

< .05; indicating a significant difference between ex-

perirnental and control groups at one or more sessions.
Tests of simple main effects revealed a significant difference . between experimental and control groups at treatment session Bl, F (1, 108)

= 5.34,

E < .05, again in the

direction opposite to that predicted.

None of the other

tests of simple main effects revealed any differences between groupso
Frontalis E:f\1G measures (Y2).

Frontalis EMG was _

recorded in mean microvolts integral average for each
minute of the 6 minute R2 phase. The r aw frontalis EMG
data from the experimental and control groups are presented
in Figure 4.
Frontalis EMG was correlated with heart rate at R2
for baseline and treatment sessions .

The first two base-

line sessions, Ba and Bb, represent the use of the unsatisfactory amplifier arrangement and should not be confused
with later sessions, Be and Bl-6.
Correlations between EMG and heart rate at the
different sessions, and across all sessions are illustrated

.... 1.

SESSIONS
Figure 4.

Mean EMG values for experimental vs. control groups.
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in Table 3.

These correlations reflect missing data pairs

lost due to apparatus failure during the study.
None of these correlations was significant with a
=

totai number of pairs equal to 14, but it was interesting
that all correlations (with the exception of two at Bb and
I

Be) were negative.
EEG frequencies (Y3 & Y4).

EEG Alpha and Theta

frequencies were recorded as the percentage of the 6
minute R2 phase in which the subject produced the respective waveform.

These data measures for the Alpha and

Theta frequencies are presented in Figures 5 and 6.
Correlations between heart rate and EEG

frequenc~es

in band were small but generally positive, and the reader
should refer to Table 3.

These correlations reflect miss-

ing data pairs due to equipment failure.
Correlations of EEG Alpha with heart rate were
generally positive, with the exception of training sessions
BS in which a negative correlation was found.
Heart rate and EEG Theta frequencies time in band
were negatively correlated on only two of the nine sessions
(Bb and BS}, indicating a generally positive (if not statistically significant) correlation between heart rate and
EEG Theta.
.' -

.

Discussion

The results of this study do not indicate that

Table 3
Correlations between heart rate and other physiological variables

Baseline
A

Treatment
B

c

1

2

3

Over All
Sessions

4

5

6

EMG/heart rate
rxy

-.12

.37

.13

-.31

-.30

-.19

-.09

-.16

-.12

-.22

.36

-.13

• 07

.20

.37

-.03

.01

.21

EEG Alpha/heart rate
rxy

.34

.12

.32

.37

.06

.25

EEG Theta/heart rate
rxy

.44

-.002

.31

.27

.09

.30
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visual attention to meaningless and monotonous stimulation
;

facilitates learned heart rate control in a biofeedback

•
paradigm.
The absence of a significant main effect for Biofeedback and sensory deprivation vs. Biofeedback alone in
both analyses of the data is not surprising since baseline
sessions were include·d in the ANOVA.

Tests of simple main

effects for heart rate data analyzed as change scores from
baseline C (Be) revealed no significant differehces between
groups during the Ba, Bb or Be baseline phases.
The lack of a significant sessions effect is
troublesome because it indicates that neither group learned control over heart rate as a function of time or practice

effects~

The presence of a significant interaction did

in~

dicate that the two biofeedback treatments had a differential effect on subjects' heart rate at one or more of the
sessions.

The fact that the experimental subjects' heart

rate elevated rapidly during session Bl, while the control
treatment did not (see Figure 1), suggests that the elevation of heart rate was not characteristic of a typical
learning curve (i. e. small increments of chancre in the
reinforced direction over time).

It is more likely that

the change in heart rate at the treatment phase Bl reflects
the experimental group's exposure to a novel stimulus con.. -

~
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figuration (e. g. goggles, cardboard tubes, and gloves).
The experimental group's mean heart rate decreased during
the~st

two cohsecutive treatment sessions BS and B6 (see

Figure 1), thus indicating that habituation to the stimuli
was occurring.
The hypothesis of stimulus habituation explains
the return to baseline levels by the experimental group,
however, the hypothesis does not explain why the same
group could not produce reliable decreases in heart rate
within a treatment session.

If subjects in the experi-

mental group were habituating to the stimulus configuration over time, then it should have been possible for them
to produce mean heart rate decreases within a treatment
session.

This did rtot appear to be the case, however, as

Figure 3 shows.

In short, although the experimental

group's mean heart rate fell across sessions, mean heart
rate fell below session baseline only once (session B4)o
A possible explanation for this phenomenon is that the
subjects in the experimental group had different demand
characteristics placed on them as a function to their
treatment.

An alternate explanation for the experimental
group's failure to lower heart rate may be that the sensory
deprivation situation was too stressful to permit learning.
Zuckerman (1969) has noted that subjects who are sensory

42

deprived for 3 hours show increases in skin conductance
and the number of nonspecific GSR's (galvanic skin responses), both indicants of heightened arousal.
•

Control sub-

jects who are only partially deprived (e. g. monotonous
visual stimulation and variable auditory stimulation) show
fewer GSR's and fewer increases in skin conductance.
During the study, two subjects in the experimental
groups commented that the onset of the 400 Hz marker tone
surprised and irritated them.
from the control subjects.

No such verbal reports carne

This phenomena could indicate

that experimental subjects were more reactive to the marker
tone because they were under more stress. Future investigations should include measures of skin conductance and
nonspecific GSR's to increase control.
Overall, the results of the present study do not
support the findings of Bouchard and Corson's (1976) investigation, although some substantial methodological dif- .
ferences exist between the two studies.

For example,

Bouchard and Corson utilized electro-mechanical counters to
display loss of money (as points subtracted from the counters) when subjects failed to lower heart rate. · The loss
of money was also related to the magnitude of the heart
rate decrease, with large heart rate decreases resulting
in the slowest decrement of points from the counter.

In

contrast, the present study used binary auditory feedback,
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and monetary incentives which did not change in value as a
function of the magnitude of the heart rate reduction.

Sub-

jects in this study were not encouraged to lower their
heart rates below the point necessary to constitute a criterion response.
In addition, Bouchard and Corson used a much larger
incentive of $6.00 per session vs. the $2.00 per session
used in this study.

Lang and Twentyman (1976} have demon-

strated that monetary incentives during feedback enhanced
subjects' ability to reduce heart rate when compared to a
no incentive group.

An argument can be made that large

incentives would produce greater heart rate decreases than
small incentives if Lang and Twentyman's (1976) observations can be extended.
A final explanation for the failure of this study
to replicate the findings of Botichard and Corson's inves·tigation may lie in this investigator's choice of a
ingless stimulus.

meari~

Bouchard and Corson suggested that

subjects attended to meaningless and monotcnous stimulation
present in the experimental setting, although it was never
specified what physical parameters these stimuli may have
had.

The choice of a Ganzfield, or white field, as a

source of meaningless stimulation may have been erroneous.
Perhaps the visual stimulation, while meaningles5, was
also too diffuse to permit focused attention.

If this was
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the case, then subjects in the experimental group would
be unable to identify and use the visual strategy of
focusing attention on the stimulus to lower heart rate.
Experimental group subjects would subsequently receive
less reinforcement than the control group, and the probability of the experimental group successfully lowering
heart

r~te

would then be reduced.

Perhap~

future research could investigate the

effects of a pure white Ganzfield vs. a white field with
a focal point in the center.

If Bouchard and Corson's

observations are correct, the group receiving biofeedback
and a visual focus should reduce heart rate significantly
more often than a group receiving biofeedback and no
visual focus.
The lack of significant correlations between the
EMG, EEG, and heart rate is not surprising.

Research by

Obrist, Howard, Lawler, Galosy, Meyers, and Gaebelein
(1974} has suggested that there is an imperfect coupling
of somatic and cardiovascular processes, and that further
research will delineate the relationship more precisely.
Obrist et$ al.

(1974, p. 153) have also noted that the

correlation between EMG activity and heart rate is generally
negative in their research, supporting the findings in the
present study.
Similarly, the fact that heart rate and Alpha/
Theta EEG frequencies were positively correlated for most
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of the sessions may be explained by recent research into
the control of Alpha EEG production.

Plotkin and Cohen

(1976) have recently shown that high Alpha production was
inversely related to the amount of occulomotor processing
engaged in by the individual.

In short, the more visual

focusing that occurs, the less Alpha and Theta were produced.

It is possible that subjects who were successful in

lowering heart rate by focusing on meaningless stimulation
had the resultant effect of a concurrent drop in the production of Alpha/Theta frequencies.

This hypothesis is

tenable if the choice of a meaningless stimulus was incorrect.

If a more appropriate meaningless stimulus was

chosen (i. e. one on which subjects could more readily

•

focus visual attention} then it may be pos5ible to demonstrate sgnificant heart rate decreases accompanied by concurrent decreases in Alpha/Theta EEG production.

Future

research should be directed towards this problem.
Perhaps a shortcoming of this

~udy

was the failure

to include measures of respiration rate and respiratory
volume.

Recent research is conflicting but has shown that

short, irregular breaths have the effect of elevating heart
rate while no consistent relationship between respiratory
rate or depth and heart rate has been indicated (Wells,
1973; Whitehead, Drescher, Heiman, & Blackwell, 1977}. One
investigator (Wells, 1973} has indicated that respiratory
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changes are a necessary component of heart rate control but
are not sufficient in themselves to elicit major heart rate
I .
I

variations.
In summary, the present study failed to replicate
the results of Bouchard and Corson's {1976) investigationo
Possible reasons for the failure have been outlined in this
discussion and a more systematic replication of Bouchard
and Corson's work is advised to better delineate the potential sources of variance which accounted for this discrepancy of resultso
In addition, future investigations into the control
of heart rate should give more consideration to the powerful regulatory influences of the autonomic nervous system
{see Appendix A) when attempting to produce large magnitude
heart rate decreases.

It is feasible that large magnitude

reductions in heart rate may be impossible due to the
. homeostatic regulatory mechanisms of the autonomic nervous
system.
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Appendix A
Autonomic and Central Nervous System Factors
Which Affect Heart Rate

The human heart is an elaborate pump

~hose

main

purpose is to circulate oxygenated blood and nutrients to
the tissues of the body and
wastes from the tissues.

re~ove

carbon dioxide and cell

Consisting of four chambers, the

heart is in reality two pumps in series with a pulmonary
circulatory system interpbsed to oxygenate the blood and
remove carbon dioxide.
Weiss and Engel (1971) have suggested that there
are six factors involved in the operant conditioning of
heart rate~

These factors are: a) the presence of peri-

pheral receptors in the heart whose function is subserved
by the feedback stimulus until the person learns to recognize information provided by the peripheral receptors
themselves; b) afferent nerves to transmit the information
from peripheral receptors to the central nervous system;
c) central nervous system factors, such as those which will
permit the identification of the internal stimuli from the
peripheral receptors, and behavioral factors such as motivation; d) efferent nerves

'~'hich

will permit the desired

changes in heart rate to be effected; e) a heart which is
physically capable of more regular, or slower rhythms (i. e.
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the heart is not diseased); and f) a bodily homeostatic
system which will tolerate lower heart rate without compromising the indiVidual's chances of survival.
It is the purpose of this appendix to better outline the effects on heart rate of efferent neurons from
the sympathetic and parasympathetic branches of the autonomic nervous system (factor d), the effects of circulating hormones on heart rate (factor f), and the effects of
central nervous system stimulation on heart rate (factor

c).
According to Forsyth (1974), the heart must be
viewed as part of a complex vascular network.

The rate of

contraction of the heart, the force of contraction, and
the amount of blood pumped per contraction . are controlled
by several mechanisms.

Among these controlling mechanisms

are nervous and humoral influences, and

per~pheral

vascu-

lar resistance to blood flow.
The heart receives deoxygenated blood from the
body via the right atrium, and is forced into the right
ventricle in the first half of a two part contraction sequence.

The second half .of the sequence constricts the

ventricles, and forces the deosygenated blood into the
lungs where oxygen and carbon dioxide are exchanged.

As

more blood is forced through the lungs from the right ventricle, the original unit of blood is returned to the left
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atrium of the heart.

..
.::

The recurrence of the first half of

the first of the contraction sequence pumps the blood into
the left ventricle.

The second half of the contraction

sequence then forces the blood from the left ventricle to
perfuse peripheral tissues.
The output of the heart is expressed in liters per
minute and is ,a product of the stroke volume, expressed
as

~he

number of ml of blood ejected per contraction, and

the heart rate expressed as beats per minute (bpm)o

As

the blood leaves the left ventricle, it exerts a peak
pressure on the arterial wallso
ferred to as the

systoli~

This peak pressure is re-

pressure, and according to For-

syth (1974), is between 130-140 mm Hg for a normal western
population at rest.

As the blood perfuses · the peripheral

tissues and liberates oxygen, there is a concomitant drop
in pressure and the blood returning to the hea:- t typically
has a pressure of 70-80 mm Hg.

This lowered pressure is

referred to as the diastolic pressure.

Blood reenters the

right atrium at this pressure and the process is repeated.
The stroke volume of the heart is controlled by the
degree of contractility of the left ventricle, the quantity of blood returning to the heart via the right atrium,
the left ventricle's end-diastolic filling pressure, and
the peripheral resistance opposing the outflow of blood
from the left ventricle.
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The first mechanisms to control heart rate and contractility of the heart, according to Forsyth (1974), are
sympathetic and parasympathetic branches of the autonomic
nervous system (factor d, Weiss & Engel, 1974).

In a

normally functioning heart, the sympathetic and parasympathetic branches exert their influences on the heart by
affecting a group of automatic pacemaker cells in the
right atrium, and these are called the sinoatrial node or
SA node collectively.

The parasympathetic influences on

the SA node are mediated by the lOth cranial nerve or
vagus nerve, which projects from the medulla to the

heart~

Parasympathetic influence tends to slow the heart and reduce the contractility of the heart.

Sympathetic influen-

ces on the heart are derived from the action of thoracic
nerves Tl through T4, .and stimulation from this branch of
the autonomic nervous system increases heart rate and
contractility.
It is important to realize that bodily homeostasis
is a function of several intricate feedback loops.

For

example, in the event .of an injury, systemic blood pressure may drop.

Specialized pressure receptors called

baroreceptors send fewer signals from their locations in
the carotid body and the aortic arch (Forsyth, 1974).

The

signals reaching the medulla tend to depress the action of
the vagus nerve and the heart beats faster and has greater
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contractility.

When blood pressure levels return to nor-

mal, inhibition from the vagus nerve again acts on the SA
node to maintain heart rate and contractility of the heart
at normal levels.
A second mechanism which falls under the heading of
Weiss and Engel's factor dis the effect of a drop in
blood pressure upon the withdrawal of water from surrounding tissues.

This water is added to the circulating blood

supply, thereby increasing blood volume.

The return of

blood volume levels to normal produces a cessation of
stimulation from the baroreceptors which allows the heart
rate and contractility to be reduced to normal levels.
A third mechanism regulates heart rate and contractility and this is the effect of circulating hormones
(factor f, Weiss & Engel, 1974).

The kidneys respond to

a decrease in blood pressure and/or blood flow by forming
angiotensin two, a hormone which prohibits the loss of
water from the blood supply and serves to increase the
amount of sodium circulating inthe blood.
effect

i~

The overall

to increase the fluid levels in the blood, arid

thus stimulate the baroreceptors so that h~art rate and
contractility are reduced.

Angiotensin two also has the

effect of reducing blood flow to the kidneys, thus making
available more blood for the vital organs such as the
brain.
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Mineralocorticoids are a fourth mechanism which
also serves a regulatory influence in the maintenance of
blood pressure and heart rate.

These substances are se-

creted by the adrenal cortex in response to the production
of angiotensin, a precursor of angiotensin two.

The gener-

al effect of the mineralocorticoids is the retention of
sodium and the loss of potassium ions from the blood
(Forsyth, 1974).

Again, the result is to increase the

amount of water cirulating in the blood and thus maintain
blood pressure while affecting heart rate and contractility.
The fifth regulatory mechanism . to be reviewed is
the action of the central nervous system upon heart rate
and blood pressure (factor c, Weiss & Engel, 1974).

The

principle components in the neural control . of hemodynamic
processes are the hypothalamus and the pituitary gland.
Under stressful conditions, the hypothalamus secretes a
corticotrophin releasing factor which regulates the production of adrenocorticotrophic hormone (ACTH).

The pro -

duction of ACTH stimulates the secretion of cortisol and
glucocorticoids.
co~ticoids

According to Forsyth (1974) these gluco-

are necessary for the organism's survival in

stressful situations because they mobilize the organism's
reserves of carbohydrates, proteins and fats into energy
for the cardiovascular system in the preparation for the
flight or fright response.
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The pituitary gland exercises an effect on the
fluid volume in the blood by releasing vasopressin, an
antidiuretic compound, in response to reduced blood plasma.
The release of vasopressin returns blood volume to normal
and the hormone's secretion is inhibited.

Typically, the

hormone is released in response to reduced blood volume,
but emotional trauma, hemorrhage, pain or stress can also
release the hormone.

Under conditions of stress the se-

cretion of vasopressin causes the blood pressure to rise,
and this, in turn, affects the rate and contractility of
the heart via the baroreceptors.

The release of vasopres-

sin is moderated by the baroreceptors' afferent fibers to
the pituitary · gland.

When the baroreceptors detect an

adequate supply and pressure of blood, vasopressin release
is inhibited, and heart rate and contractility decrease.
The degree of modification of heart rate by biofeedback training is therefore regulated by the effects
of all of the aforementioned mechanisms.

Since all of

these mechanisms are working to some extent at the same
time it is necessary for the investigator in heart rate
biofeedback to not be overly presumptuous as to the size of
a decrease in heart rate which can be produced by voluntary control alone.

More research is required to deter-

mine the maximum voluntary control that can be exerted
over these mechanisms by an individual trained under the
most efficient biofeedback techniques.
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Appendix C
The following is a leaflet that was distributed in
the university center of the University of the Pacific so
as to attract student

voluntee~s.

Wanted: Undergraduates to participate in a biofeedback study on the control of heart rate.

Payment of be-

tween one and two doll~rs per 40 minute session will be
made, dependent on the student's performance during each
of eight learning sessions.

If interested, contact Bill

Kearns at the biofeedback laboratory in quonset two between 9:00 and 12:00 a.m., and between 1:00 and 5:00p.m.
Monday through Friday.

Phone: 946-2132; evenings call

(209) 464-0922.
In addition, below is an informed consent form
signed by all subjects participating in the study.

Informed Consent Form
I understand that the training and observation provided by William Kearns are experimental procedureso

I

will be assigned to an experimental group of subjects, all
of whom will receive heart rate biofeedback training at
various times throughout the experiment.
It is also my understanding that there are no
known physical or psychological risks to me from the procedures to be used.

All tecording equipment will be elec-
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·trically isolated (optically isolated) to prevent any
possibility of electrical contact with the skin.

If the

procedures used in the present research are successful in
facilitating control of hea:t rate, it is possible that I
will benefit both physically and

psychologic~lly.

I further understand that at the conclusion of the
experiment I may request further biofeedback training for
myself to improve the skills that I have learned.
It is my understanding that the white noise will be
used as a feedback signal in this study.

William Kearns

has agreed to answer any questions I may have regarding
the research and that I may discontinue participation at
any time.
Finally, I understand that any difference in success or failure of the ·technique is due to the techniques
and inro way reflects on the intellectual or social behavior of myself or others participating in the experiment.
Your signature
Print your name
Date

Questionnaire
Please answer all of the following items as accurately as
you can.
Have you or any member of your family had a history
of:
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High blood pressure? (self _____ ; other member _____
Heart problems? (self

other member

Water retention? (self

other member

Are you currently on medication? (If yes, specify
the brand name and dosage.)
yes

no
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